Rationale: Medical treatment on short-term primary care medical service trips (MSTs) is generally symptom-based and supplemented by point-of-care testing. This pilot study contributes to the effective planning for such austere settings based on predicted symptomology. Objective: We aimed to prospectively document the epidemiology of patients seen during two low-resource clinics on a MST in Honduras and apply predefined case definitions adapted from guidelines used by international healthcare organizations (e.g. World Health Organization). Methods: An observational design was used to track the epidemiology during two clinics on an MST in Limon, Honduras in March 2015. The QuickChart mobile electronic medical record (EMR) application was piloted to document diagnoses according to predefined case definitions. Results: The most commonly diagnosed syndromes were upper respiratory complaints (20.19%), nonspecific abdominal complaints (20.19%), general pain (15.38%), hypertension (9.62%), pruritus (6.73%), and asthma/ COPD (4.81%). The case definitions accounted for 94% of all complaints and diagnoses on the brigade. Discussion: The distribution of common patient diagnoses on this MST was similar to that which had been reported elsewhere. The use of broader symptom-based case definitions for epidemiologic surveillance could also facilitate the syndromic management of patients seen on MSTs, and improve the consistency of treatment offered. Conclusion: Case definitions for common syndromes on primary care MSTs may be a feasible method of standardizing patient management. Preliminary use of the QuickChart EMR was acceptable for documentation of epidemiology in the field. Further study is necessary to investigate the reliability of syndromic diagnostic criteria between different clinicians and in a variety of MST settings.
Introduction
Primary care medical service trips (MSTs) to low and middle income countries (LMICs) are common experiences for clinicians from high income countries (HICs), but quantitative literature describing the phenomenon remains in its infancy [1] . MSTs often take the form of mobile medical clinics providing primary care services to disenfranchised communities [2] , often conducting general health assessments, preventive care, health promotion and education, and management of acute and chronic conditions. A key concern for non-governmental organizations (NGOs) in planning such trips is understanding the local epidemiology, which would inform appropriate resource allocation (e.g. medication formulary, clinical supplies) for each trip.
The primary barriers to high quality patient treatment are twofold. First, clinicians from HICs have a variety of professional backgrounds and may experience critical challenges to effective diagnosis and management during MSTs (e.g. limited expertise in tropical medicine, language barriers when communicating with the local patient population) [2] . Second, limited access to confirmatory microbiological, laboratory, and imaging tests means that clinicians must rely on syndromic diagnosis, supplemented by simple point-of-care tests (urine dip, urine pregnancy test, glucometer, hemoglobinometer) which can lack specificity and sensitivity. The lack of any clear diagnostic criteria may contribute to high variability in the treatment choices of clinicians and inaccurate descriptions of epidemiology, both of which jeopardize quality of care [3] [4] .
As investments and interest in MSTs continue to grow [1] , this demands a critical reflection on how clinician diagnoses are being documented and analyzed from an epidemiological perspective. Recent retrospective studies have described common diagnoses on mobile brigades [5] , and suggested that the proportion of MST patients with selected diagnoses may be similar across multiple rural settings in Latin America [6] (Ecuador, Dominican Republic, and Guatemala), but such descriptions do not clarify the underlying diagnostic criteria used by the treating clinicians. In order to address the challenges of high diagnostic variability and potential inaccuracy of epidemiological surveillance, the application of broad, symptom based case definitions may be an appropriate solution. The use of case definitions could also facilitate the syndromic management of patients seen on MSTs, in order to improve the consistency of treatment offered.
Medical record keeping is variable in MST settings, and paper-based charting is often undermined by illegible handwriting [7] , degradation of records by humid climates, and difficulties in transporting, accessing, and managing data [8] [9] . The logistical challenges of transporting MST records from a village clinic in Limon, Honduras to a satellite community (Francia, Honduras) are illustrated in Figure 1 . Such trips may be a promising frontier for mobile electronic medical records (EMRs), allowing point of care documentation of patient records that may then inform allocation of resources. While there have been recent attempts to adapt them to austere practice environments [10] [11], we are unaware of any prior study that has used a mobile EMR to document epidemiologic case definitions on an MST.
The purpose of this observational study was to pilot a novel smart phone-based EMR app (QuickChart EMR), in order to prospectively document epidemiology according to predefined case definitions during two MST clinics in Limon, Honduras.
Methods
Three physicians (including the investigator), one physician assistant, and one nurse practitioner from the United States and Canada traveled to Limon, Honduras with Carolina Honduras Health on March 20-28, 2015. The clinicians were accompanied by four registered nurses, one pharmacist, and non-medical support staff. Limon is a remote Garifuno community in the coastal Atlantida province, with a population of approximately 8600.
Clinics took place in an established clinic within the village on Day 1, and in a church in the peripheral community of Piedra Blanca on Day 2. A glucometer, hemoglobinometer, urine dipsticks, urine pregnancy tests, pulse oximeter, and rapid malaria test were immediately available for diagnostic purposes. Standard charting was performed on paper. A total of 116 patients were seen on Day 1 and 130 patients on Day 2. 
QuickChart EMR
QuickChart EMR is a novel mobile application which supports clinical care with geographically relevant evidence based clinical guidelines and bilingual support. The app allows tracking of patients and diagnoses, secure production of medical notes and clinic reports in a pdf file, as well as epidemiologic analysis through export to an Excel file. The investigator charted primary diagnoses, age, and gender using the application on a Nexus 5 smartphone (Figure 2) . Case definitions used in syndromic diagnosis were immediately available to the investigator through the decision support menu within the app.
Patient diagnoses were made by clinicians according to predefined case definitions. The specific case definitions were adapted and simplified based on World Health Organization (WHO) [12] - [14] , Medicins sans Frontieres/Doctors Without Borders (MSF) [15] [16] , and International Diabetes Federation (IDF) guidelines [17] , as well as Dainton and Chu (2014) [3] , and are described below in Table 1 . Epidemiologic data was then extracted to an Excel file.
Results
A total of 246 patients were seen by all five providers during the first two clinic days. Fifty five patients were seen by the investigator, and their age ranges are described in Figure 3 . The average age of patients assessed was 22 years.
Diagnoses are displayed in Figure 4 . The mean number of diagnoses per patient was 1.9. The most common diagnoses were upper respiratory complaints (20.19%), nonspecific abdominal complaints (20.19%), general pain (15.38%), hypertension (9.62%), pruritus (6.73%), and asthma/COPD (4.81%).
Patient presentations not accounted for by the case definitions included aphthous ulcers, a resolved episode of epistaxis, a wound infection, and a complaint of poor vision. One patient complained of hand weakness secondary to an old gunshot wound to the shoulder, and already had a physiotherapist involved in his care. One patient arrived at the clinic with an acute exsanguinating hand laceration and flexor tendon injury, and he was sutured, splinted, and referred to an orthopedic team scheduled to arrive at the clinic the following week. Overall, the case definitions were able to account for 94% of all the patients who visited the clinics.
Discussion
This study builds on existing literature describing the symptomology that clinicians are likely to encounter on MSTs, and the epidemiology was similar [5] . General pain, upper respiratory complaints, pruritus and tinea, dyspepsia, and nonspecific abdominal complaints were the most commonly reported syndromes. The tracked case definitions cumulatively made up 94% of all diagnoses, which is similar to the results reported in other Latin American primary care MST settings [6] . This suggests that sending organizations should have a standard approach and appropriate resources for the treatment of these common symptoms. This study was unique in its use of standardized case definitions. These definitions replaced diagnostic schema that would rely on clinicians to make pathologic and microbiological diagnoses such as parasitic infection, giardiasis, peptic ulcer disease, or bacterial vaginosis. Given the inability to objectively confirm many of these presumptive diagnoses, inter-clinician variability would likely be high. We believe these broader symptombased case definitions to be more precise for epidemiologic surveillance [19] . The use of care definitions could also facilitate the syndromic management of patients seen on MSTs, and improve the consistency of patience care offered by MSTs. Further study is required to ensure that such case definitions remain appropriate and reliable across varied settings.
This pilot study made use of a novel mobile EMR designed for use on mobile MSTs in LMICs. The development of mobile-ready electronic records holds promise for improving the quality of medical records and continuity of care on MSTs abroad [20] [21] . In Latin America, an internally developed brigade EMR is being used for record keeping on MSTs in Ecuador, Dominican Republic, and Guatemala [11] . In this study, the QuickChart EMR was acceptable for clinical use and documentation of patient diagnoses at the point of care. While a previous study describes use of Palm Pilots to support a MST in Kenya [22] , this study is the most recent example of a smartphone-based EMR being used for diagnostic tracking in a primary care mobile MST setting.
Given the consistency of syndromes encountered on such remote medical trips, it would be useful to automate and standardize prescriptions and protocols for common and important diagnoses. The combination of such decision support with the production of guidelines for such MSTs would help minimize variability in practice between clinicians and improve quality of patient care [23] - [25] . Furthermore, the ability for clinicians to electronically review relevant past medical history concerning chronic conditions (hypertension, diabetes, epilepsy) would aid in effective decision making in a busy clinic. This type of decision support, however, would ultimately remain on the future development of appropriate evidence based algorithms.
Weaknesses of the study include the small sample size and presence of only one investigator. In keeping with the five developmental stages for a medical informatics intervention described by Stead [26] , this early trial satisfied the need to demonstrate viability of the mobile EMR in the field. Furthermore, it provided proof of concept for the prospective viability of case definitions and electronic data entry.
Conclusion
In this observational pilot study, simple case definitions were used in a resource-limited setting to track epidemiology on a North American-led MST. Such case definitions may allow standardization of diagnoses made by multiple clinicians from different backgrounds, and suggest a basis for the development of evidence-based guidelines for common complaints. The use of mobile EMRs holds promise for planning, needs assessment, and patient follow-up on similar trips.
